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The pure annihilation type decays B0d → φγ and Bs → ργ receive only color suppressed
penguin contributions with a very small branching ratio in the standard model. When we
include the previously neglected electromagnetic dipole operator, the branching ratios can be
enhanced one order magnitude larger than previous study using QCD factorization approach.
That is BR(B¯0d → φγ) ≃ 1 × 10−11 and BR(Bs → ργ) ∼ (6 − 16)× 10−10. The new effect
can also give a large contribution, of order 10−9, to transverse polarization of B → φρ and
B → ωφ which is comparable to the longitudinal part. These effects can be detected in the
LHCb experiment and the Super-B factories.
PACS numbers:
The charmless two-body B decays provide rigorous information on flavor changing phenomena
in the weak interactions of quarks, so it has attracted much attention to check the consistency of
the standard model (SM) and to explore the existence of the possible new physics beyond standard
model. On the other hand, the rare B decays also serve as a laboratory for hadronic dynamics.
However, predictions for many interesting decays are always polluted by the hadronization, which
have hindered us in extracting weak interaction information precisely from the available measure-
ments. To handle the decay processes, many factorization approaches have been developed to
separate nonperturbative dynamics from the perturbative part, such as naive factorization [1],
generalized factorization [2, 3], the QCD factorization (QCDF) [4], perturbative QCD approach
(PQCD) [5] and the soft-collinear effective theory (SCET) [6].
Two vector decays of B meson shed light on the helicity structure of weak interactions through
polarization studies. The naive counting rules [7] based on the factorization approaches predict
that the longitudinal polarization dominates the decay ratios and the transverse polarizations are
suppressed due to the helicity flips of the quark in the final state hadrons. But for penguin-
dominated decays such as B → φK∗ and B → ρK∗ [8], large transverse polarizations are observed.
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FIG. 1: New contributions to B → V V decays
Beneke, Rohrer and Yang [9] discussed a novel electromagnetic penguin contribution to the trans-
verse helicity amplitudes, which is shown in Fig.1. The neutral vector meson generated by the
photon is mainly transversely polarized. Though suppressed by the fine structure constant αem, it
is enhanced over the leading terms by mB/Λ. So the transverse helicity amplitude of B → ρ0K∗
can be enhanced by this effect. The validity of this effect can be tested in the ratio of transverse
polarization for B → ρ0K∗ over B → ρ+K∗ in the near future.
It may play an important role in the electroweak penguin dominated vector meson decays of B
meson. In the standard model, it is suppressed to produce a φ meson through strong interaction
for three or more gluons are needed which are called hairpin diagrams [10] as shown in Fig. 2. So
the electromagnetic dipole operator may become important in B → φγ and B → φρ decays. We
examine the new effect in these modes below.
In the standard model, the effective weak Hamiltonian mediating flavor-changing neutral current
transitions of the type b→ D(D = d, s) has the form [11]:
Heff = GF√
2
[ ∑
p=u,c
VpbV
∗
pD
(
C1O
p
1 + C2O
p
2
)
− VtbV ∗tD
10∑
i=3
(
CiOi + C7γO7γ + C8gO8g
)]
. (1)
For convenience, we specify the below operators in Heff :
Op1 = p¯βγ
µLbα · D¯αγµLpβ, Op2 = p¯αγµLbα · D¯βγµLpβ,
O3 = D¯αγ
µLbα ·
∑
q
q¯βγµLqβ, O4 = D¯βγ
µLbα ·
∑
q
q¯αγµLqβ,
O5 = D¯αγ
µLbα ·
∑
q
q¯βγµRpβ, O6 = D¯βγ
µLbα ·
∑
q
q¯αγµRqβ,
O7 =
3
2
D¯αγ
µLbα ·
∑
q
eq q¯αγµRqβ, O8 =
3
2
D¯βγ
µLbα ·
∑
q
eq q¯αγµRqβ,
O9 =
3
2
D¯αγ
µLbα ·
∑
q
eq q¯βγµLqβ, O10 =
3
2
D¯βγ
µLbα ·
∑
q
eq q¯αγµLqβ,
O7γ = −emb
8π2
D¯σµνFµν(1 + γ5)b, (2)
3FIG. 2: Hairpin diagrams for B → φρ and B → φω processes, and similar for B → φγ.
FIG. 3: The leading diagram from four-quark operators for B¯0 → φγ and Bs → ργ.
where α and β are the SU(3) color indices and L and R are the left- and right-handed projections
operator with L = (1 − γ5), R = (1 + γ5). The sum over q runs over the quark fields that
are active at the scale µ = O(mb), i.e., q = u, d, s, c, b. The Wilson coefficients evaluated at
µ = m¯b(mb) = 4.4GeV from mt = 170GeV in NDR with Λ
(5)
M¯S
= 225MeV (C7γ evaluated at
µ = 5.0 GeV from mt = 170 GeV with α
(5)
s (MZ) = 0.118) are:
C1 = −0.185, C2 = 1.082, C3 = 0.014, C4 = −0.035, C5 = 0.009 C6 = −0.041,
C7 = −0.002/137, C8 = 0.054/137, C9 = −1.292/137, C10 = 0.263/137, C7γ = 0.300. (3)
The radiative decay B¯0d → φγ has been studied using QCD factorization approach in [12] and
using perturbative QCD approach in [13]. There are four diagrams contributing to this decay mode
from four-quark operators. The two diagrams with photon emitting from s and s¯ cancel with each
other. The diagram with photon emitting from the b quark is suppressed by 1/mb compared to the
contribution with photon emitting from the light quark in B meson. The dominant contribution
FIG. 4: The electromagnetic dipole operator (denoted by heavy dot) contribution to B¯0 → φγ and Bs → ργ.
4from four-quark operators to B¯0d → φγ is illustrated in Fig. 3. In naive factorization, this process
are proportional to C3 + C4/3 + C5 + C6/3 − 0.5(C7 + C8/3 + C9 + C10/3). They have very
tiny branching ratios due to the large cancelations between Wilson coefficients: C3 ≃ −C4/3 and
C5 ≃ −C6/3. This cancellation implies the fact that the dominant diagrams for these decays are
the three-gluon hairpin diagrams. To be even worse, the QCD penguins cancel with the electroweak
penguins: C3+C4/3+C5+C6/3 = −0.002, −0.5(C7+C8/3+C9+C10/3) = 0.004. It is dominated
by the photon radiating from the light quark in B meson. Because the φ meson is transversely
polarized, so the amplitude is suppressed by a power of ΛQCD/mB further. Factorization properties
of the radiative decays B → V γ have been analyzed at the leading power in 1/mb in Ref. [14]
(see also [15]) using the soft-collinear effective theory. None of the leading power operators in
SCETII will contribute to B¯
0
d → φγ, we have to perform the subleading power analysis and this
also implies that this mode is suppressed. In [12], the branching ratios of naive factorization and
QCD factorization which includes the non-factorizable contributions are:
BR(B¯0d → φγ)NF = 3.5× 10−13, (4)
BR(B¯0d → φγ)QCDF = 3.6× 10−12. (5)
The above results are too rare to be measured in the running B factories BaBar and Belle and
may be a probe to detect the new physics. As an example, it can be treated as a probe of R-parity
violating couplings (RPV).
In the effective theory, when matching QCD to SCETI at the leading power, the electromagnetic
dipole operators can be factorized into (we use the notation of [14]):
JA = X¯hcAemh¯c⊥Γ′hs,
JD = X¯h¯cAemhc⊥Γ′hs. (6)
Including QED in SCET, there is a collinear photon field with unsuppressed interactions with
collinear quarks of the same direction. With the additional operator A overlaps with the trans-
versely polarized vector meson, the JA and JD can be matched onto the same operator in SCETII:
O = Q¯sAemc⊥Aemc¯⊥Γ′Hs. (7)
At tree level, these operators correspond to the two diagrams in Fig.4. Using the naive factorization
approach the decay amplitude reads:
A(B¯0d → φγ)a =
GF√
2
V ∗tbVtd
−2m¯be3fφQdQsNc
π2mφmB
√
2Nc
C7γλ
−1
B × ǫ∗γαpγβpφµǫ∗φν(gανgβµ − gαµgβν − iǫαβµν),(8)
5TABLE I: Branching ratios of B¯0d → φγ (in units of 10−11) and Bs → ργ (in units of 10−10) using different
λ−1B(s)
λ−1B 0.4 0.5 0.6
B¯0d → φγ(without O7γ) 0.04 0.06 0.09
B¯0d → φγ(with O7γ) 0.86 1.3 1.9
λ−1Bs 0.4 0.5 0.6
Bs → ργ (without O7γ) 0.45 0.69 1.0
Bs → ργ(with O7γ) 5.9 9.2 13
where ǫγ , pγ and ǫφ, pφ are the momentum and polarization for the photon and φ meson. Qd =
Qs = −1/3, Nc = 3. λ−1B is the first inverse moment of the B meson’s wave function and defined as
λ−1B =
∫ 1
0
dx
φB(x)
x
, (9)
where x is the momentum fraction carried by the light quark in the B meson. The neutral vector
meson is generated by the intermediate photon, so we can view the two diagrams in Fig. 4 as
Bd,s → γγ [16] at first. The second diagram can be related to the first one by the crossing
symmetry, so it gives the same contribution as the first one.
There are many candidates for B meson distribution amplitudes [5, 17], but here only λ−1B is
involved and we use three values for this parameter: λ−1B = 0.4, 0.5, 0.6. We adopt other parameters
the same as [12, 13], then numerical results for the branching ratios of these two modes are given
in Table I. For Bs → ργ, there is also a contribution from the tree operators O1 and O2. But
this contribution is suppressed by the CKM matrix elements and roughly is of order 10−12, so
we neglect it in the Table. We find that the branching ratios are enhanced sizably by the new
contribution relative to the result from QCD factorization approach. Although it is hardly to be
measured at BaBar and Belle, we state that the contribution of order 10−11 for B¯0d → φγ would
not be the evidence of the activity of new physics. As for Bs → ργ, BR ∼ (6− 16) × 10−10 which
might be detected at the LHCb experiment.
For B → ρφ and B → ωφ, they are very similar to the above radiative decays. These processes
can also only be produced via the so-called hair-pin diagrams as in Fig. 2 [10] which are highly
suppressed and the branching ratios in generalized factorization [2] are:
BR(B+ → ρ+φ) = 0.04 × 10−7,
BR(B0 → ρ0φ) = 0.02 × 10−7,
BR(B0 → ωφ) = 0.02 × 10−7. (10)
6In this calculations, the electromagnetic dipole operator O7γ is also neglected. This operator
contributes only to the transversely polarized amplitude. The contribution can be factorized into
[9]:
A(B → V1V2) = imV2mB2T V11 (0)fV2aV2 ×
(
− 2αem
3π
)
C7γ
mBmb
m2V2
, (11)
where V2 is a neutral vector meson produced by the photon. aV2 is a constant which depends on
the quark-flavor composition of V2: aφ = −1/2, aρ = 3/(2
√
2). The factor
√
2 arises from the
normalization of the ρ0 meson. T V11 (0) is the QCD tensor form factor of B → V1, fV2 and mV2 is
the decay constant and mass of V2. The amplitude takes the given value only when both V1 and
V2 have negative helicity, but is zero otherwise.
The four-quark operators in Fig.1(b) from the effective Hamiltonian could give corrections to
the above expression and they have been computed in next-to-leading order in the context of
factorization of exclusive radiative B decays [18, 19]. After incorporating this contribution, the
Wilson coefficient C7γ is replaced by C′7 [18]. The tensor form factor T V11 (0) is a nonperturbative
parameter. In PQCD approach, it can be factorized into the convolution of the wave function and
the hard part. We take the results from the PQCD calculations [20]:
TB→ρ1 (0) = 0.41, T
B→ω
1 (0) = 0.38. (12)
Using the above inputs and fφ = 0.254GeV,mφ = 1.02GeV,mB = 5.28GeV, |Vtd| = 0.008, |Vtb | =
1.0, we get
BR(B+ → ρ+φ) = 3.0+0.5
−0.5(1.6) × 10−9,
BR(B0 → ρ0φ) = 1.4+0.2
−0.2(0.77) × 10−9,
BR(B0 → ωφ) = 1.2+0.2
−0.2(0.66) × 10−9. (13)
Results in the parentheses are performed by using the leading order Wilson coefficient for C7γ ,
while the others are evaluated by using |C′7|2 = 0.165+0.018−0.017 [18]. From the results, we can see that
the new contribution is comparable to the original one which may imply that the large transverse
polarization in this mode. Compared with the experimental result by BaBar collaboration [21]:
BR(B0 → φω) = 0.1 ± 0.5± 0.1(< 1.2) × 10−6, (14)
we can see that these modes can hardly be measured in the running B factories. If we replace B
by Bs (Vtd → Vts) and assume SU(3) symmetry to give an estimate, the corresponding processes
7Bs → φρ0 and Bs → φω can be enhanced to 10−7 which may be measured at the future LHCb
experiment.
In summary, we have studied the enhancement of B¯0d → φγ and Bs → ργ due to the electro-
magnetic dipole operators. This effect could produce sizable contributions to B¯0d → φγ to make
a branching ratio of about 1.0 × 10−11, which is larger than the previous study using QCD fac-
torization approach. Although it is hardly to be measured at BaBar and Belle, we conclude that
the contribution of order 10−11 would not be the evidence of the activity of new physics. As for
Bs → ργ, the branching ratio is (6 − 16) × 10−10. For B → ρφ and B → ωφ, the new effect also
give a large contribution, of order of 10−9, to the transverse helicity amplitude which is comparable
to the longitudinal amplitude. So after incorporating this effect, the polarization can be changed
sizably from the naive power counting for B → V V . These effects may be detected in the future
LHCb experiment.
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